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[57] ABSTRACT

An optical system is disclosed for X-ray film scanning
equipment that functions to reduce the contrast be-
tween the scanning of light and dark areas of the film.
The optical system comprises a fluorescent lamp hav-
ing an elongated aperture or window for illuminating a
thin line onto the film, which is spaced from the win-
dow face of the lamp. A movable mirror is positioned
on the opposite side of the film to cause the scan to
sweep from one end of the illuminated line on the film
to the other. The scanned images are reflected on an

" objective lens which, in turn, focuses the images onto

an aperture plate with the light passing through the
aperture being received by a photosensitive device. A
cylindrical lens is spaced from the light source in
order to diverge the spectral light passing there-
through and to increase the luminance of the illumi-
nated line. In this manner, the light signals received by
the photosensitive device from the clear areas will be
reduced, while the signals received from the dark
areas will remain the same.

7 Claims, 4 Drawing Figures
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OPTICAL SYSTEM FOR X-RAY SCANNING
EQUIPMENT

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to - X-ray
scanning equipment and more particularly to optical
systems for such equipment.

2. Description of the Prior Art

In X-ray scanning equipment, light is caused to pass
through the scanned X-ray film to be picked up by a
photosensitive device. The equipment operates on the
theory that more light through the dense areas of the
exposed film will be absorbed than that passing through
the thin areas. As a result, the signals generated by the
photosensitive pickup in response to the amount of
light received will correlate to the light and dark areas
of the film. ‘

A problem with conventional optical systems for
X-ray scanning equipment is that an additional factor
is present that increases the normal light signal ratio be-
tween light and dark scanned areas. In other words, this
factor increases the difference in the picked up signals
between the light and dark areas of the scanned film
over and above the normal difference due to absorp-
tion. The reason for this greater than normal difference
in picked up signals between light and dark scanned
areas is that the spectral light passing through the thin
areas passes along a straight path to the objective lens
that focuses the light to the photosensitive device,
whereas the light through the dark area is diffused and
spread out over a larger area. As a result, a higher than
normal percentage of the light passing through thin
areas reaches the photosensitive pickup device while a
lower percentage of the light passing through the dark
areas reaches the photosensitive device because of dif-
fusion.

One proposal to reduce the light signal ratio between
light and dark scanned areas would be to utilize a diffu-
sion screen adjacent the film to be scanned. A diffusion
screen is generally in the form of a ground glass or opal
glass similar to the glass in a light bulb. The shortcom-
ing with this proposal is that the diffusion screen would
reduce the amount of light passed onto the photosensi-
tive device from the dark areas as well as the light ar-
eas. Dark areas may pass only one thousandth of the
light and a diffusion screen would take away much of
this. As a result, the contrast would remain the same.

SUMMARY OF THE INVENTION

The present invention obviates the above-mentioned
shortcomings by providing an optical system for X-ray
film scanners that reduces the difference of light signals
between the light and dark areas of the scanned film.
In its broadest aspect, the invention resides in position-
ing a cylindrical lens in front of the film to be scanned
a predetermined distance from the light source in order
to diverge the spectral light passing therethrough. As a
result, the phototube will receive much less of the spec-
tral light when scanning the clear areas of the scanned
film, while the signals from the dark areas thereof will
remain the same.

Another advantage of the optical system of the pres-
ent invention is that the transfer of light from the light
source to the area of the film being scanned is greatly
increased.

5

10

15

20

25

30

35

40

45

50

55

60

2

Another important advantage of the present inven-
tion is that the optical system smooths out the effect of
the attenuating masks placed in front of the lamp illu-
minating the scanned subject.

The features of the present invention which are be-
lieved to be novel are set forth with particularity in the
appended Claims. The present invention, both as to its
organization and manner of operation, together with
the further advantages thereof, may best be understood
by reference to the following description, taken in con-
nection with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic view of the X-ray film scanner
utilizing the optical system of the present invention;

FIG. 2 is a partial schematic view of the optical sys-
tem of the present invention, showing the cylindrical
lens positioned in a different location from that shown
m FIG. 1;

FIG. 3 is a second embodiment of the condenser lens
utilized in the optical system of the present invention;
and

FIG. 4 is a front elevational view of the fluorescent
lamp showing the positioning of the attenuating masks.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring now to the drawings, FIG. 1 illustrates an
X-ray film scanner comprising a fluorescent lamp 11
having an elongated aperture or window 12 longitudi-
nally formed thereon. The reflective coating 13 and the
phosphor coating 14 extend around the interior of the
glass bulb structure 15 except for the opening forming
the window 12. The elongated window 12 is more
clearly shown in FIG. 4. FIG. 4 also illustrates a plural- -
ity of attenuating masks 16 positioned adjacent the flu-
orescent lamp 11 along the length of the window 12.
Each mask 16 includes a slot 17 for receiving a clamp-
ing screw 18 to enable each mask 16 to be adjustably
movable across the front of the window 12 to partially
mask off the light exiting therefrom. The reason that
the attenuating masks 16 are used is that the light along
the length of the fluorescent tube is not uniform but
generally tapers off toward the end of the scanned line
even though the ends of the bulb 11 extend beyond the
scanned line by 1 or 2 inches. The characteristics of the
optical scanning system favor the light from the center
of the lamp 11. It is therefore preferable to partially
mask off the center area of the lamp 11 and make dis-
crete adjustments to take care of other variations in
brightness along the window 12. Since the masks 16 are
in the form of short sections which create steps be-
tween adjacent sections, the lamp 11 is spaced a prede-
termined distance from the line to be scanned to enable
the steps of the mask to blend in the illumination of the
scanned line so as not to have a noticeable effect.

A cylindrical lens 20 is positioned in front of the film
21 to be scanned. The cylindrical lens 20 is spaced
from the light source 11 at a predetermined distance to
focus the image of the window 12 onto the second sur-
face 22 of the lens 20. The light rays that pass through
this second surface 22 diverge at the angle of the rays
passing through the cylindrical lens. A portion of these
divergent rays will pass through an objective lens 23
which is positioned directly in front of an aperture plate
24, An oscillating or movable mirror (not shown) is po-
sitioned between the aperture 24 and the objective lens
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23 to continuously sweep and reflect sequential .por-
tions of each scanned line onto the aperture plate 24.
A typical oscillating mirror is shown in Assignee’s co-
pending U.S. Pat. applications, Ser. No. 344,284, filed
Mar. 23, 1973 and now abandoned and Ser. No.
357,495 filed May 4, 1973. Normally, the movable
mirror reflects the light beam approximately 90° and
the objective lens 23 and aperture 24 would be posi-
tioned 90° from that shown in FIG. 1. However, for
simplicity and because the movable mirror is conven-
tional, the mirror is not shown and the lens 23 and plate
24 are shown in a straight path with respect to the light
emanating from the lamp 11.

A photosensitive pickup device 25 is positioned be-
hind the aperture plate 24 to receive the light signals
passing therethrough and to generate electrical signals
in response thereto.

As stated previously, the spectral light passing
through clear areas of the scanned film passes along a
straight line to the objective lens while the light passing
through the dark areas is diffused and spread over a
large area. In accordance with the present invention,
the cylindrical lens 20 functions to diverge the rays
passing therethrough to spread the rays almost as if
they were spread by a diffusion plate. In this manner,
the phototube 25 will receive much less of the spectral
light when scanning clear film. Since there is practically
no spectral light in scanning dark areas (the light is al-
ready being diffused as it emerges from the film) the
divergence caused by the cylindrical lens 20 will have
little or no effect on the light coming from the dark
areas of the scanned film. As a result, the signals from
the clear areas are less than with the conventional sys-
tem, while the signals from the dark areas remain the
same. In the conventional systems, the ratio of light be-
tween the light areas and the dark may be on the order
of 250 to 1, while with the optical system of the present
invention, the radio would be 100 to 1.

‘Besides reducing the effect of spectral light in the
thin areas, the optical system utilizing the cylindrical
lens 20 provides a higher illumination to equally raise
the level of dark and light signals. Therefore, not only
is the contrast between light and dark film areas re-
duced, but the luminance of the illuminated line is
greatly improved.

The embodiment shown in FIG. 2 is similar to the sys-
tem shown in FIG. 1, with the exception that a cylindri-
cal lens 30 is spaced from the X-ray film 21 to enable
the second surface 31 to bend the rays to image the
window 12 at a distance from the lens 20.

In place of the cylindrical lens, a section or two sec-
tions 41 and 42 of the lens may be employed as shown
in FIG. 3. This arrangement is used for the purpose of
correcting spherical aberration.

As can be seen, the optical system of the present in-
vention reduces the effect of spectral light in the thin
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It should be noted that various modifications can be
made to the apparatus while still remaining within the
purview of the following Claims.
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1. In combination: ‘

an x-ray film station having a plane for receiving a

frame of x-ray film;

an exciter lamp positioned on one side of said x-ray

film station for illuminating a thin line of illumina-
tion across the x-ray film;

an aperture plate positioned on the opposite side of

said film station;
an objective lens positioned between said film station
and aperture plate for focusing the scanned image
from said film station onto said aperture plate;

photosensitive mearis positioned behind said aper-
ture plate for receiving the light signals passing
through said aperture plate and generating electri-
cal signals in response thereto;

lens means positioned between said exciter lamp and

said- film' station for diverging the spectral light
passing therethrough and increasing the luminance
of the illuminated line passing therethrough, said
lens means including a cylindrical lens longitudi-
nally positioned adjacent said film station; and

- ‘means for attenuating portions of the illuminated line
exiting said exciter lamp.

2. The combination of claim 1 wherein said cylindri-
cal lens is of a strength to focus the illuminated line
onto the plane of said film station.

3. The combination of claim 2 wherein said cylindri-
cal lens is spaced from said film station.

4. The combination of claim 3 wherein said cylindri-
cal lens is of a strength to focus the image of the illumi-
nated line onto the surface of the plane of said film sta-
tion.

5. In combination:

an x-ray film station having a plane for receiving a

frame of x-ray film;

an exciter lamp positioned on one side of said x-ray

film station for illuminating a thin line of illumina-
tion across the x-ray film;
an aperture plate positioned on the opposite side of
" said film_ station;.
an objective lens positioned between said film station
* and aperture plate for focusing the scanned image
from said film station onto said aperture plate;

photosensitive means positioned behind said aper-
ture plate for receiving the light signals passing
through said aperture plate and generating electri-
cal signals in response thereto;

lens means positioned between said exciter lamp and

said film station for diverging the spectral light
‘ passing therethrough; and

means for attenuating portions of the illuminated line

exiting said exciter lamp.

6. The combination of claim 5 wherein said attenuat-
ing means includes a plurality of movable masks posi-
tioned adjacent said exciter lamp adjacent the light
path of said illuminated line.

7. The combination of claim 5 wherein said exciter
lamp and movable masks are spaced a predetermined
distance from said film station to enable the steps of the
masks to be blended in the illumination of the scanned

line so as to have no noticeable effect.
* * * * %



